Transcription factor 21 (TCF21) has been identified as a candidate tumor suppressor at 6q23-q24 that is epigenetically inactivated in many types of human cancers. We recently found that TCF21 methylation level was significantly increased in clear cell renal cell carcinoma (ccRCC). The purpose of this study was to investigate the prognostic impact of TCF21 expression in ccRCC and analyze the relationship between TCF21 expression and methylation level. We used real-time PCR and immunohistochemical staining to detect the expression of TCF21, and used methylation specific-PCR (MS-PCR) to determine the methylation status of TCF21 in ccRCC samples and cell line 786-O. The results showed that TCF21 expression level in ccRCC samples was significantly lower than in normal adjacent tissue samples (NAT samples). The Kaplan-Meier survival analysis demonstrated that TCF21 was a significant prognosticator of cancer-specific survival (p=0.001). Furthermore, the DNA demethylating agent 5'-azacytidine restored part of TCF21 expression by suppressing TCF21 methylation in 786-O. The methylation level of TCF21 in ccRCC samples was much higher than in NAT samples. These results suggest that the expression of TCF21 was an independent prognostic factor for poor survival in patients with ccRCC. Aberrant methylation was an important reason for the down-regulation the expression of TCF21, and may be associated with tumorigenesis in ccRCC.
Renal cell cancer is the third most common urological carcinoma with approximately 280,000 cases per year worldwide [1] . By far the majority histologic subtype of renal cancer is ccRCC [2] . There are currently no established tumor markers for ccRCC in clinical practice; tumor size, stage and location offer the only viable tools to predict prognosis [3] . A number of new molecular markers have been investigated, but none has gained approved clinical application [4] . Our recently research found that lots of genes are abnormally expressed in ccRCC [5] . There may be some genes that are involved in the development and progression of ccRCC.
Epigenetic mechanisms are essential for proper development and maintenance of normal gene expression. Disruption of epigenetic processes can lead to abnormal gene function and promote pathological conditions. DNA aberrant methylation is a crucial epigenetic modification of the genome that is involved in regulating many cellular processes, which include embryonic development, transcription, etc. Aberrant methylation is a major mechanism for silencing tumor suppressor genes in many kinds of cancers [6] . The analysis of DNA methylation biomarkers is an emerging field that provides promising potential for improving the clinical process of renal cell carcinoma diagnosis [7] [8] [9] [10] [11] .
Based on our recent research in ccRCC, one gene named TCF21 drew our attention [5] . TCF21 is a transcription factor of the basic helix-loop-helix family, which product is mesoderm specific, and expresses in embryonic epicardium, mesenchyme-derived tissues of lung, gut, gonad, and kidney [12, 13] . TCF21 as a candidate tumor suppressor at 6q23-q24 that is epigenetically inactivated in many kinds of cancers, including lung and head and neck cancer, and further research finding that aberrant methylation in lung cancer [14] [15] [16] [17] [18] [19] . Aberrant methylation and decreased expression of TCF21 is tumor specific and very frequent in all NSCLCs, even early-stage disease, thus making TCF21 a potential candidate methylation biomarker for early-stage NSCLC screening [20] . Recent research found that methylation level was significantly high in renal cell tumor [3] , but the relationship between TCF21 expression and methylation is not yet full understood, and the prognostic impact in ccRCC is still unclear.
We have showed that TCF21 is lower expressed in ccRCC samples than NAT samples in the 10 ccRCC patients [5] . In this study, we used immunohistochemistry to study the TCF21 in 186 ccRCC samples and NAT samples. The relationship between expression of TCF21 and survival time during the 6-year follow-up period was evaluated. In addition, we confirmed the methylation of TCF21 gene in ccRCC cell line 786-O. The relationship between TCF21 methylation and expression level was also detected.
Materials and methods
Sample collection. A total of 186 ccRCC samples were obtained from the Biobank of Complex Diseases in Shenzhen between 2001 and 2007 in China. The NAT samples were defined as kidney tissues located 2.0cm outside of visible ccRCC lesions. All the 186 patients' survival information was received by telephone. The median follow-up period was 69 months (range: 4~116months). Patients' clinical characteristics (gender, age, size, nodal status, metastasis and Fuhrman Nuclear Grade) were obtained from the medical records. No any treatment (chemotherapy or radiation) was before the operation. All resection samples were confirmed to be ccRCC by clinical pathology. The collection and use of the patient samples were reviewed and approved by Institutional Ethics Committees, and written informed consent from all patients was appropriately obtained. There were 36 cases of death within the observation time. Frozen tissues from 33 paired ccRCC and NAT samples were randomly selected from all 186 samples for extraction of DNA and RNA.
Cell line and culture. ccRCC cell line 786-O was obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA) with 10% fetal bovine serum in a humidified incubator with 5% CO 2 and 95% air at 37°C. These cells were passaged at a ratio of 1:3 with trypsin once they reached confluence (approximately 10 7 cells) into 50 cm 2 cell culture dishes.
Reverse transcription PCR (RT-PCR).
Total RNA was extracted from ccRCC samples, NAT samples and cell line 786-O using TRIZOL (Invitrogen, USA) according to the manufacture's protocol and evaluated using Agilent 2100 Bioanalyzer (Agilent Technologies, USA).
RT was carried out by using Omniscript Reverse Transcriptase kit (Qiagen, Hilden, Germany). The total reaction volume was 20 μl including 1 μg RNA. The reaction mixture was incubated at 42°C for 60 min, heated at 95°C for 10 min and then cooled on ice. The reaction was diluted 1:1 with water and aliquoted for further analysis.
Real-time PCR. Real-time PCR was carried out with SYBR Green dye in 7000 Sequence Detection System (Applied Biosystems). Oligonucleotide primers were designed for human TCF21 and U6 gene, using the Beacon Designer 7, based on their mRNA sequences. 1 μl diluted cDNA aliquot was used as template for PCR in a total volume of 20 μl including TaqMan Universal PCR Master Mix and the corresponding probes and primers. The mixture was preincubated at 94°C for 10 min followed by 50 cycles of two step incubations at 94°C for 30 sec and 58°C for 1 min. All samples were measured in triplicates. The Ct value of TCF21 mRNA was normalized to the reference gene Ct (U6) and the relative quantification was performed according to Pfaff mathematical model.
Immunohistochemistry (IHC) analysis. Paraffin sections (3 μm) from samples of 186 ccRCC samples and 33 NAT samples were deparaffinized in 100% xylene and re-hydrated in descending ethanol series (100%, 90%, 80%, 70% ethanol) and water according to standard protocols. Heat-induced antigen retrieval was performed in 10 mM citrate buffer for 2 min at 100°C. Endogenous peroxidase activity and non-specific antigen were blocked with peroxidase blocking reagent containing 3% hydrogen peroxide and serum, followed by incubation with goat anti-human TCF21 antibody for 1 h at 37°C. After washing, the sections were incubated with biotin-labelled rabbit anti-goat antibody for 10 min at room temperature, and subsequently were incubated with streptavidin-conjugated horseradish peroxidase (HRP) (Maixin Inc, China). The peroxidase reaction was developed using 3, 3-diaminobenzidine chromogen solution in DAB buffer substrate. Sections were visualized with DAB and counterstained with hematoxylin, mounted in neutral gum, and analyzed using a bright field microscope.
Evaluation of staining. All of the IHC staining results were reviewed independently by two pathologists. Positive expression of TCF21 was defined as the brown staining in the cytoplasm. The staining results for TCF21 were scored semiquantitatively. Intensity was estimated in comparison to the control and scored as follows: 0, negative staining; 1, weak staining; 2, moderate staining; and 3, strong staining. Scores representing the percentage of tumor cells stained positive were as follows: 0, <1% positive tumor cells; 1, 1-10%; 2, 10-50%; 3, 50-75%; and 4, >75%. A final score was calculated by adding the scores for intensity and percentage. For statistical analysis, 0-3 was counted as low expression of TCF21, while 4-7 was counted as high expression of TCF21.
DNA Extraction, Bisulfite Modification. Genomic DNA was extracted from cell line 786-O and tissues by Proteinase K digestion and salting-out method. DNA was loaded in agarose gel electrophoresis, and stained with ethidium bromide to check purity. Treatment of DNA with sodium bisulfite would result in the unmethylated cytosines being converted into uracils, while the methylated cytosines remained unchanged. Bisulfite conversion was carried out using the reagents provided in an EZ DNA Methylation Gold kit (Zymo Research, Orange, CA). 1 μg of DNA was treated with sodium bisulfite according to the manufacturer's directions. The bisulfite-con-verted DNA was eluted in a total volume of 20 μl and stored at -20°C.
Treatment with 5'-azacytidine. 786-O cells were plated in 6-well plates at a density of 2 × 10 5 cells per well and allowed to attach for 24 hours. 5'-azacytidine (Sigma-Aldrich, St. Louis, MO, USA) was added directly to the culture media at a final concentration of 10 μM. Cells were treated for a 5-day period. Untreated controls were also prepared in parallel. At the 3-day, 4-day and 5-day of the treatment, cells were harvested, and DNA and RNA analysis were carried out. Three independent experiments were performed.
Methylation analysis. The methylation status of the exon1CpG islands of the TCF21 gene in 33 ccRCC samples, NAT samples and 786-O (before and after treatment with 5'-azacytidine) were analyzed by methylation specific-PCR (MS-PCR) on sodium bisulfite modified DNA. The primers for the methylated sequences were FM-TCF21 (5'-TTT GGT TAA CGA TAA ATA CGA GAA CG -3') and RM-TCF21 (5'-CCT AAA AAC TCT AAA CCC GCG AT -3'). The primers for unmethylated sequences were FU-TCF21 (5'-TTT GGT TAA TGA TAA ATA TGA GAA TGG -3') and RU-TCF21 (5'-TCC CTA AAA ACT CTA AAC CCA CAAT -3'). The reactions were carried out in a total volume of 20 μl, containing 100 ng genomic DNA, 10X PCR buffer, 0.2 mM of each dNTP , 0.4 μM of sense and antisense primers, 0.1 unit of FastStart TaqDNA Polymerase (Roche Diagnostics, Mannheim, Germany). Reaction mixtures were hot-started at 95°C for 5 min. Amplification was performed in a Mastercycler gradient (Eppendorf, Humburg, Germany) for 54 cycles (30 sec at 95°C, 30 sec at 50°C and 30 sec at 72°C), followed by a final extension of 5 min at 72°C. Twenty microliters of PCR product were electrophoresed in 2% agarose gel, stained with ethidium bromide, and photographed under UV light.
Statistical analysis. All statistical analyses were performed using SPSS 17.0 software. The χ 2 test was used to analyze the relationship between the levels of TCF21 expression and clinicopathologic characteristics (gender, age, pT classification, pN classification, pM classification and Fuhrman Nuclear Grade ). The overall survival time of ccRCC patients was defined as the time from the surgery to death due to cancer. The Kaplan-Meier method was used to determine the cumulative probability of survival. The significances of various variables in survival were analyzed using multivariate Cox proportional hazards model. Fisher's exact text was used to determine the relationship between methylation levels and mRNA expression levels in ccRCC compared to NAT.A value of p < 0.05 was considered statistically significant. Figure2.
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TCF21 mRNA is frequently down-regulated in ccRCC.
Table2. Methylation status of TCF21 between ccRCC samples (T) and NAT samples (N).
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Relationship between clinicopathologic characteristics and TCF21 expression in ccRCC patients. To investigate the prognostic value of TCF21 expression for ccRCC, we assessed the association between the levels of ccRCC expression and patients' survival using Kaplan-Meier analysis with the logrank test. In 186 ccRCC cases with prognosis information, we observed that the level of TCF21 protein expression significantly correlated with the overall survival of ccRCC patients (Figure2.D). Patients with low level of TCF21 expression had poorer survival than those with high level of TCF21 expression (p=0.001). The correlation between expression level of TCF21 and patient's characteristics, such as gender (male versus female), age (<55 versus ≥55years), pT classification (pT1 versus pT2~4), pN classification (pN0 versus pN1~2), pM classification (pM0 versus pM1) and Fuhrman Nuclear Grade (I/II versus III/IV) was investigated (Table3). TCF21 protein expression correlated with Fuhrman Nuclear Grade. Expression level decreased from low Fuhrman grade (I/II) to high Fuhrman grade (III/IV) tumors (p=0.018). No correlation was observed between TCF21 expression and other characteristics. Cox multivariate analyse showed that lymph node metastasis (pN1~2), distant tumor metastasis (pM1), were independent poor prognostic factors of ccRCC; However, age (≥ 55 years), gender (male) and tumor size (pT2~4) were not related to the prognosis of ccRCC (Table4).
Table3.Association of TCF21 with clinicopathologic characteristics in ccRCC
Relationship between TCF21 mRNA and DNA methylation in ccRCC patients. We assessed the association between the relative TCF21 mRNA levels and relative DNA methylation level in ccRCC samples compared to NAT samples using Fisher's exact text, and found that there was marginal significant reverse correlation (p=0.085) between TCF21 mRNA levels and DNA methylation.
Discussion
Many studies demonstrate that basic-helix-loop-helix (bHLH) proteins regulate cell type-specific transcription, proliferation and transformation in a variety of tissues. The proteins have a highly conserved region therefore able to bind to DNA and to interact with each other. Members of the bHLH family can be divided into different classes. TCF21 belongs to Class A of bHLH family. The expression of these proteins is restricted to certain tissues. TCF21 is highly expressed in the mesenchyme of developing organs that include the kidney, lung, and etc [12] . Several HLH proteins have close relationship with cancer. For example, the myc proteins are involved in oncogenesis, GCIP suppresses tumorigenesis [21, 22] . It was reported that deceased expression of TCF21 was very frequent in many cancers, our recently research found that it also happened in ccRCC [5] . In this study, we focus on the relationship between expression of TCF21 and prognosis of the patients with ccRCC, and analyze the possible reason for TCF21 down expression. Meanwhile, we also studied the prevalence and clinical significance of TCF21 in patients with ccRCC.
Our studies demonstrate that TCF21 was frequently down expressed in ccRCC samples compared to NAT samples. We also found that TCF21 was expressed predominantly in the epithelial cells of normal kidney tissues and ccRCC tissues by immunohistochemistry assay, which was consistent with Lorraine's result, suggesting that TCF21 was involved in the pathogenesis of ccRCC [23] . According to Kaplan-Meier analyse, TCF21 protein expression in ccRCC was correlated with patient's overall survival. Patients with lower expression of TCF21 protein had shorter survival time. Additionally, we found that TCF21 protein expression correlated with Fuhrman Nuclear Grade. Expression level decreased from low Fuhrman grade (I/II) to high Fuhrman grade (III/IV) tumors (p=0.018). Cox multivariate analyse showed that low-expression TCF21 were independent poor prognostic factors of ccRCC.
Methylation of DNA is an important reason for the down expression of genes, which is a significant epigenetic process involved in fundamental biological events such as development and cell differentiation. Aberrant DNA methylation has been reported to play a major role in carcinogenesis [6] . In the presented study, TCF21 methylation is identified as a biomarker capable of reliably differentiating between lung tumor and normal tissues. Our results demonstrated that TCF21 methylation was frequent in cell line 786-O and tissues compared to NAT samples. We also analyzed the expression of TCF21 in 786-O, and found that there was a strong inverse correlation between TCF21 mRNA levels and DNA methylation in ccRCC cell line 786-O. But TCF21 mRNA levels were not completely match with methylation levels between ccRCC and NAT in our results, so we speculated that there are some other reasons for the low expression of TCF21 in ccRCC, such as miRNA [24, 25] or other genes [26] .
In summary, our study showed that TCF21 was expressed at lower level in ccRCC samples than in NAT samples. TCF21 may represent a predictive biomarker of poor prognosis in patients with ccRCC. Aberrant methylation was an important reason for the down-regulation of TCF21, and may be associated with tumorigenesis in ccRCC. 
